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Using factorial combinations of naphthaleneacetic acid (NAA) and benzyladenine (BA) it cou ld be shown that 
the six hybrids of Lachenalia used in this study can be divided into two groups. Group A, with a high 
regeneration potential, responded best to the higher BA levels whereas Group B, with a lower regeneration 
potential, showed no discernible pattern with respect to BA requirement. Hybrids from Group A yielded a low 
cytokinin-like activity whereas those from Group B had a much higher activity. NAA is essential for 
adventitious bud formation. Its optimum requirement varied with different hybrids. Tissue age had a 
significant effect on bud formation and significantly interacted with both NAA and BA. 
Met faktoriale kombinas ies van naftaleenasynsuur (NAA) en bensieladenien (BA) kon daar getoon word dat 
die ses Lachenalia hibriede wat in die studie gebruik is, in twee groepe verdeel kan word. Groep A, met 'n 
hoe regenerasiepotensiaal, reageer die beste by hoe BA-vlakke, terwyl Groep B, met 'n laer regenerasie-
potensiaal, geen duidelike patroon ten opsigte van BA getoon het nie. Hibriede in Groep A het 'n lae sito-
kinienvlak gehad terwyl die in Groep B 'n heelwat hoer vlak gehad het. NAA is noodsaaklik vir byknop-
vorming. Die optimum-vereiste van NAA het gevarieer ten opsigte van die hibriede. Weefselouderdom het 'n 
beteken isvolle effek op knopvorming gehad en daar was betekenisvolle interaksie met beide NAA en BA. 
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Introduction 
It is well established that the auxin:cytokinin ratio is of 
fundamental importance in the morphogenetic responses ob-
tained during vegetative propagation, and organogenesis in 
tissue cultures (Skoog & Miller 1957). The hormones most 
frequently used during tissue culture experimentation are 
benzyladenine (BA) and naphthaleneacetic acid (NAA) 
(Nicderwieser 1990). Using leaf material from species and 
hybrids of Lachenalia it was shown that genotype, tissue 
age and endogenous cytokinin levels had pronounced effects 
on adventitious bud formation on the explants (Niederwieser 
& Van Staden 1990). These factors may interact with each 
other and with hormones applied with the culture medium. 
For adventitious bud production on leaf explants of Lache-
nalia species and hybrids, a combination of 0.1 mg rl NAA 
and 2 mg 1-1 BA was originally selected, and subsequently 
used routinely (Nel 1983; Van Rensburg & Vcelar 1989). 
Results from these studies varied considerably between 
experiments and with genotype. Regeneration capacity can 
be affected by both genotypic and epigenetic factors. It was 
previously suggested that genotypes with a high regenera-
tion potential have a high optimum NAA and BA require-
ment and vice versa (Niederwieser & Van Staden 1990). To 
test this hypothesis, the relative importance of tissue age, 
NAA and BA on the regeneration potential of leaf explants 
of six Lachenalia hybrids was investigated using factorial 
combinations of NAA and BA. 
Materials and Methods 
Six Lachenalia hybrids (BlO, 75/17/25, 75/18/9, 76/24/2, 
76/33/2 and B49) were used in this investigation. All donor 
plants were cultivated under uniform conditions as described 
previously (Niederwieser & Van Staden 1990). Preliminary 
studies showed that young leaf tissue had the greatest ability 
to form adventitious buds (Figure 1). Thus only the prox-
imal 7 cm of leaves were used in this study. For each treat-
Figure 1 Adventitious bud formation on a leaf explant of 
Lachenalia. Bud formation was more prolific on the proximal 
(young) end of the explant. 
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Table 1 Average number of adventi-
tious buds formed per explant for six 
Lachenalia hybrids in a factorial experi-
ment using BA and NAA. Results were 
recorded after 8 weeks of culture 
Lachenalia Average number 
hybrid of buds formed 
BIO 20.6 
75/17(25 18.2 
75/18/9 14.2 
76/24(2 12.0 
76/33(2 10.6 
B49 1.8 
Table 2 Summary of the significance of effects and 
interactions of BA, NAA and tissue age (T A) on adventi-
tious bud formation for six Lachenalia hybrids 
Effects and interactions 
Hybrid BA NAA BA.NAA TA TA.BA TANAA TA.BA.NAA 
BI0 <0.001 <0.001 0.923 0.011 0.082 <0.001 0.744 
75/17(25 0.047 0.233 0.037 <0.001 <0.001 <0.001 0.004 
75/19/9 <0.001 <0.001 0.058 0.851 0.655 0.073 0.189 
76(24(2 0.739 <0.001 0.580 0.032 0.001 0.192 0.749 
76/33(2 0.026 <0.001 0.551 0.010 0.142 0.140 0.445 
B49 0.077 <0.001 0.790 <0.001 0.410 <0.001 0.157 
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Figure 2 The average number of adventitious buds formed per 
leaf explant by the Lachenalia hybrid B49 as affected by tissue 
age, BA (A) and NAA (B). The youngest explants were from posi-
tion 5 and the oldest from position 1. The black bars represent the 
averages for tissue age and for the different concentrations of BA 
(A) and NAA (B) . 
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ment four leaves from different donor plants were used. 
Each leaf was divided longitudinally into two sections and 
these were used for different treatments. Ten explants of 
1 cm2 were dissected from each leaf section so that forty 
explants from four different plants were cultured for each 
treatment. Sixteen factorial combinations of BA (0.5, 1, 2, 4 
mg rl) and NAA (0.01, 0.1, 1, 2 mg rl) were used. 
Explants were cultured on the basal medium of Murashige 
and Skoog (1962) which was dispensed as IO-ml aliquots 
into culture tubes (19 X 125 mm) and then autoclaved at 
121°C for 15 min. The pH was adjusted to 5.8 prior to 
autoclaving and addition of the agar. After sterilization and 
explant inoculation (Niederwieser & Van Staden 1990) the 
culture tubes were sealed with Parafilm and then kept in a 
culture room at 24 ± 1°C with a 12-h daylength provided 
by cool white fluorescent tubes (95 J.1mol m-2 s-1). The 
number of buds formed per explant was recorded after 
8 weeks and the data subjected to an analysis of variance 
(ANOVA) . 
For the extraction and estimation of cytokinin-like activi-
ty, plant material of similar age and origin was collected at 
the time of tissue culture, frozen in liquid nitrogen, crushed 
and then freeze-dried. The method of extraction and separa-
tion by paper chromatography was as described by Nichol-
son & Van Staden 1988). Cytokinin-like activity was 
determined using the soybean callus bioassay (Miller 1965). 
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Figure 3 The average number of adventitious buds formed per 
leaf explant by the Lachenalia hybrid 75/17/25 as affected by 
tissue age, BA (A) and NAA (B). The youngest explants were 
from position 5 and the oldest from position 1. The black bars 
represent averages for tissue age and for the different concentra-
tions of BA (A) and NAA (B). 
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Results and Discussion 
The results presented in Table 1 show that the explants from 
the different hybrids varied considerably in their ability to 
produce adventitious buds, from as high as 20.6 (B 10) to as 
low as 1.8 (B49) per explant. Statistical analysis showed 
that tissue age (explant origin) had a highly significant 
effect for hybrid B49, which had the lowest regeneration 
potential (Table 2). The only other hybrid where tissue age 
had a significant effect was 75/17/25, which on average 
produced 18.2 adventitious buds per explant. For this hybrid 
the interactions between tissue age, BA and NAA were also 
highly significant. For hybrid B49 there was a significant 
interaction between tissue age and NAA only. Closer anal-
ysis of the effects of the applied hormones on these two 
hybrids did, however, reveal marked differences in the 
hormonal requirement for an optimum response. For hybrid 
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B49 the lower BA concentrations (0.5 and 1.0 mg r 1) gave 
the best response (Figure 2). For hybrid 75/17/25, however, 
the best responses were obtained at the higher BA concen-
trations (2 and 4 mg 1-1) (Figure 3). For both these hybrids 
the best responses were obtained with the youngest material 
(explants). This suggests that while the ex plants were re-
active to the applied hormones, their optimum requirements 
differed. This could be due to different levels of endogenous 
hormones or different capabilities with respect to the meta-
bolism and/or utilization of these hormones. In a previous 
study it was shown that young tissue of Lachenalia yielded 
higher cytokinin-like activity than older tissue (Niederwieser 
& Van Staden 1990). 
An analysis of all results obtained from the factorial 
experiments showed that the six hybrids could be divided 
into two arbitrary groups (Figure 4), viz. Group A, which 
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Figure 4 The number of adventitious buds formed per leaf explant for six Lachenalia hybrids cultured on factorial combinations of BA 
and NAA. Black bars represent averages across the treatments for a specific hormone level. 
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includes the three hybrids with the highest regeneration 
potential, and Group B, which includes the three hybrids 
which produced the lowest number of adventitious buds 
(Table 1 and Figure 4). BA had a significant effect on 
adventitious bud formation in two out of the three hybrids in 
Group A and no effect on the hybrids in Group B (Table 2). 
The explants in Group A responded best to the higher BA 
concentrations whereas those in Group B showed a tendency 
to respond better to the lower levels of BA used. This sug-
gests that a deficiency in endogenous cytokinins prevailed in 
the material from Group A or that in the case of Group B 
explants, the applied BA raised the cytokinins to supra-
optimal levels. Young leaf material, similar to that used for 
micropropagation, from two hybrids in Group A and two in 
Group B was analysed for cytokinin-like activity. The 
results presented in Figure 5 show that the two hybrids from 
Group A yielded low cytokinin-like activity. In fact, in the 
case of hybrid B 10 which produced the largest number of 
adventitious buds, and which required 2 mg rl BA for an 
optimum morphogenetic response, no cytokinin-like activity 
could be detected. The opposite was the case for hybrid 
B49. This hybrid yielded the highest endogenous cytokinin-
like activity but produced very few buds. 
NAA was clearly critical for adventitious bud formation, 
apparently more so than BA, as five of the six hybrids were 
significantly influenced by NAA application, compared to 
the two affected by BA (Table 2). For the three hybrids with 
a high regeneration potential placed in Group A, the higher 
NAA concentration gave the best response. In contast, those 
hybrids which produced fewer buds (Group B) had a lower 
NAA requirement (Figure 4). It would appear as if concen-
trations of 1 and 2 mg rl NAA were supra-optimal for these 
latter hybrids . This raises the question as to whether or not 
the regeneration potential of these three hybrids is determ-
ined by their ability to utilize NAA (Niederwieser & Van 
Staden 1990) or whether NAA and BA affect each other's 
metabolism, and thus hormonal availability, in some way. 
There is some evidence for the latter possibility (Lee 1971 ; 
Van Staden & Mooney 1987; Palni et al. 1988). This aspect 
clearly requires further investigation. 
An analysis of the pooled results obtained for all six hy-
brids used in this study, revealed that BA at 2 mg rl and 
NAA at 0.1 mg rl was the best hormonal combination to 
use for bud production on Lachenalia explants (Figure 6). 
This in fact was the combination arbitrarily chosen for the 
pioneering research done on these horticulturally important 
plants (Nel 1983). The present results indicate that as the 
breeding programme expands it will become necessary to 
subject plant material to a wider range of applied hormones 
to optimize micropropagation potential and/or obtain indica-
tions of endogenous levels prior to micropropagation. 
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